Development of semiconductor detectors for very harsh radiation environments in high energy physics applications
Specific
R&D on radiation hardening is necessary. Cost for detector replacements can be a big issue. Harder detectors ⇒ affordable experiments
Objectives:
•Detector operation up to 10 16 cm -2
•Fast signal collection (bunch crossing interval ~ 10ns)
•Low mass (reducing multiple scattering close to the interaction region).
Three fundamental strategies have been identified in order to achieve radiation harder tracking detectors.
Strategies:
Material engineering -deliberate modification of the detector bulk material (impurities in silicon or semiconductor materials other than silicon).
Device engineering -improvement of present planar detector structures (modification of the electrode configuration, new detector geometries,…)
Variation of detector operational conditions -low temperatures, forward bias...
•

Basic studies
characterization of microscopic defects as well as the parameterization of macroscopic detector properties under different irradiation and annealing conditions.
• Defect modeling and device simulation computer simulations covering the whole process of radiation damage: particle-lattice interaction, formation of defects, their structural and electrical properties, impact of these defects on the macroscopic properties of the detectors and simulations of the macroscopic device in the presence of defects.
• Test of segmented devices and detector systems Ultimate radiation hardening can be achieved through the understanding of the physics underlying the radiation-induced degradation of detector properties and the charge collection capabilities of different detector types. To this purpose RD50 plans to promote extensive:
RADIATION DAMAGE IN SILICON: microscopic effects.
Impinging particle
Point defects ( E > 25eV )
Cluster defects ( E > 5keV) 
Investigations of radiation induced defects: the techniques, the challenge
Radiation induced defects introduce energy levels in the silicon band-gap (deep levels). They are responsible for the degradation of the electrical properties of the detectors. The knowledge of all the radiation induced defects and of their evolution with time accounts for the radiation damage. The main players are the displacement in the silicon lattice (vacancies) and the impurities in the crystal. Theoretical calculations (energy levels and charge state of defects) and experimental studies at a microscopic levels are necessary to build a complete model of the radiation damage. These studies should give guidance on the material engineering of the silicon detector material.
Experimental methods are available to study the radiation induced deep levels in silicon. Theoretical calculations and comparison with well known defect help the identification of the charge state and chemical composition of the measured levels.
Signal ( 
Macroscopic changes in oxygen rich (up to 2. 10 17 cm -3 FZ-silicon
Oxygen enriched silicon has evidenced the difference between cluster damage and point damage. Oxygen is very effective in enhancing the radiation hardness of silicon when point defects are dominant. n-in-p oxy.
n-in-p std.
p-in-n oxy. 
